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MEDICAL ELECTRODE WITH PERIPHERAL 
EDGE OF CONDUCTOR SEALED FROM 

ELECTROLYTE 

TECHNICAL FIELD 

This invention relates to medical electrodes, e.g., de?bril 
lation electrodes of the type having a thin metallic conductor 
and an electrolyte for conducting current betWeen the con 
ductor and the skin. 

BACKGROUND 

Medical electrodes are applied to the skin for a variety of 
purposes, including de?brillation, pacing, and monitoring 
electrical activity (e.g., ECG).Atypical medical electrode has 
a thin metallic conductor (e.g., tin) sandWiched betWeen an 
insulating backing layer and a conductive gel layer. The 
metallic conductor is usually cut from sheets of metal by die 
cutting equipment. 

Electrical current ?oWs from the metallic conductor 
through the gel layer to the skin. The gel layer contains an 
electrolyte that makes it conductive, and is typically either a 
nearly solid (highly viscous) gel or a liquid gel supported in a 
sponge-like layer. Because the gel is normally in contact With 
the metallic conductor throughout the life of the electrode, 
corrosion can naturally occur oWing to variations in energy 
levels at the interface betWeen the gel and metallic conductor. 
This corrosion is often the determining factor in setting the 
shelf life of the electrode. 

One solution proposed for countering corrosion of the 
metallic conductor is to use stainless steel (US. Pat. No. 
5,356,428), but, in fact, the corrosion still occurs With stain 
less steel. US Pat. No. 4,419,998 discloses coating tin With 
stannous chloride, Which helps to reduce corrosion. Putting a 
rubber layer betWeen the metallic conductor and the gel has 
been attempted. Replacing the gel With a conductive polymer, 
to eliminate the salt solution, has been done, but the electrode 
tends to have poorer connectivity With the skin of the patient, 
and such conductive polymers tend to be oxygen sensitive and 
to degrade With age. 

Another solution proposed for addressing corrosion, and 
thereby lengthening the shelf life of such electrodes, is dis 
closed in US. Pat. No. 6,019,877, entitled “Protecting Medi 
cal Electrodes from Corrosion”, ?led on Jun. 18, 1998. A 
sacri?cial element electrically connected to the metallic con 
ductor and also exposed to the gel layer forms an anode 
cathode cell in Which the sacri?cial element functions as a 
sacri?cial anode that corrodes, protecting the metallic con 
ductor, Which functions as the cathode, from corrosion. 

SUMMARY 

We have discovered that a medical electrode can be made 
more resistant to corrosion, and thus have a longer shelf life, 
if the periphery of the metallic conductor is sealed from the 
underlying gel layer so that the periphery is out of electrical 
contact With the gel. What We have come to appreciate is that 
in forming the metallic conductor by die cutting, the periph 
ery, Where the die cuts the metal, is Worked into an effectively 
higher energy state than other portions of the conductor. The 
resulting difference in energy state of the metal at the periph 
ery as compared to other locations on the conductor results in 
an acceleration of the corrosion. By sealing the periphery 
from the gel, We are able to electrically isolate the metal 
having this higher energy state. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
In general, the invention features a medical electrode for 

conducting an electrical current to or from the skin of a 

patient. The electrode comprises a thin, ?exible metallic con 
ductor, a layer of electrolyte in electrical contact With the 
conductor and positioned to be in electrical contact With the 
skin When the electrode is applied to a patient, and an insu 
lating layer overlying the conductor, Wherein a peripheral 
edge of the metallic conductor is sealed With an insulating 
material so that the peripheral edge of the conductor is sub 
stantially out of electrical contact With the electrolyte. 

Preferred implementations of the invention may incorpo 
rate one or more of the folloWing: The insulating material 
sealing the peripheral edge of the metallic conductor may 
comprise a band covering the peripheral edge of the conduc 
tor from a location radially inside the peripheral edge to a 
location radially outside the peripheral edge. The metallic 
conductor may be die cut from a sheet of thin, ?exible metal 
lic conductor, so that the peripheral edge of the metallic 
conductor is Worked more than the center of the conductor as 
a consequence of the die cutting, and the area that is Worked 
more is sealed With the insulating material so as to be out of 
contact With the electrolyte. The band sealing the peripheral 
edge may extend suf?ciently inWardly radially from the 
peripheral edge as to substantially cover the portion of the 
conductor that is Worked as a consequence of the die cutting. 
The band may be formed from polyester. The band may be 
adhered by an adhesive to the peripheral edge of the conduc 
tor. The adhesive may be a pressure sensitive adhesive. The 
pressure sensitive adhesive may be acrylic based. The layer of 
electrolyte may comprise a solid gel, and the solid gel may be 
siZed and positioned so that its peripheral edge is located 
radially outWard of the radially inner edge of the band, 
thereby reducing any tendency that the solid gel might have to 
creep betWeen the band and the metallic conductor. Altema 
tively, the gel may be siZed and positioned so that its periph 
eral edge is located at approximately the radial location of the 
radially inner edge of the band. The layer of electrolyte may 
comprise a solid gel or a liquid gel supported in a sponge 
layer. The insulating material sealing the peripheral edge of 
the conductor is a coating applied to the peripheral edge. The 
coating may be applied by dipping. The coating may be 
applied by printing. The coating may be applied by bonding 
under heat and pressure. The coating may be applied by 
plating With a less active metal than the metal forming the 
metallic conductor. 

Among the many advantages of the invention (some of 
Which may be achieved only in some of its various aspects and 
implementations) are that electrodes of substantially longer 
life can be manufactured. And because the corrosive activity 
initiated by the die cut edges is isolated, it is not as important 
to use sharp dies in cutting the metallic conductor, as even 
conductors With relatively ragged cut perimeters can have a 
long shelf life. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is an exploded, diagrammatic, cross-sectional vieW 
of one implementation of the invention, taken at section 1 -1 in 
FIG. 2. 

FIG. 2 is a partial plan vieW taken at 2-2 of FIG. 1. 

FIG. 3 is an exploded, partial, diagrammatic, cross-sec 
tional vieW of a second implementation. 

FIG. 4 is a photograph illustrating Working of a metallic 
conductor. 
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DETAILED DESCRIPTION 

There are a great many possible implementations of the 
invention, too many to describe herein. Some possible imple 
mentations that are presently preferred are described beloW. It 
cannot be emphasiZed too strongly, hoWever, that these are 
descriptions of implementations of the invention, and not 
descriptions of the invention, Which is not limited to the 
detailed implementations described in this section but is 
described in broader terms in the claims. 

The descriptions beloW are more than su?icient for one 
skilled in the art to construct the disclosed implementations. 
Unless otherWise mentioned, the processes and manufactur 
ing methods referred to are ones knoWn by those Working in 
the art FIGS. 1 and 2 shoW one implementation of the inven 
tion. A ?exible metallic conductor 10 (e.g., 0.0005 to 0.005 
in. thick; tin, aluminum or salt of a metal) has its peripheral 
edge 12 sealed With a polyester band 14 (e.g., 1 mil thick 
Mylara) positioned so that the band extends from a location 
radially inside the peripheral edge to a position radially out 
side the edge. Various types of adhesive 18 can be used to 
adhere the band to the metallic conductor (e.g., an acrylic 
based pressure sensitive adhesive such as Lohmann Therapy 
Systems P/N MTC61 l; or a rubber-based pressure sensitive 
adhesive; or a silicone sealant). The adhesive should prefer 
ably be one that Will continue to function for longer than the 
expected shelf life of the electrode, and is preferably a mate 
rial that Will not be attacked during the life of the electrode. 

Gel layer 16 can be either solid gel (e.g., 0.020 to 0.030 in. 
thick hydrogel) or a liquid gel supported by a sponge layer 
(e.g., 0.125 to 0.250 in. thick). The gel layer may be cut so that 
its perimeter extends radially outside the inner edge of the 
band. In the ?gures, the gel layer extends radially outside of 
the outer edge of the band, also. There may be an advantage to 
having the gel layer overlap the band as shoWn here, as it tends 
to lessen the likelihood that the gel Will creep into the seal 
betWeen the band the metallic conductor. But it may be pos 
sible to cut the gel material as shoWn in FIG. 3 so that it ?ts 
inside the band, With its outer perimeter butting against the 
inside perimeter of the band. A concern With this construction 
may be that the gel Will tend to creep into the adhesive seal 18 
betWeen the band and the metallic conductor, but Whether, 
and hoW rapidly, that occurs Will vary With materials, and so 
that construction may Work quite Well. 
An insulating backing layer 20 overlies the metallic con 

ductor 10, and a skin-adhering layer 22, With adhesive 24, is 
used to adhere the electrode to the skin (FIG. 1). For simplic 
ity, layers 20, 22, and 24 are not shoWn in the implementation 
of FIG. 3, but they Would typically be present. 

FIG. 4 is a photograph of the structure of a metallic con 
ductor illustrating the Working of a metallic conductor that 
can occur as a result of cutting the peripheral edge. In the 
photograph, the conductor has not been cut through, but has 
been sheared by the action of mating dies so as to clearly shoW 
the metallurgical differences betWeen the severely cold 
Worked portions that Will become the sheared material edges 
and the initial much lesser Worked structure. The severely 
cold Worked portions are seen in the center of the photograph. 
With continued shearing action, the center Will be split in tWo, 
With the severely cold Worked portions becoming the sheet 
edges. These edges, being so much more coldWorked than the 
initial structure, Will behave like anodes if in electrical contact 
With the electrolyte, i.e., they Will preferentially corrode, 
because the Worked areas are so much higher in energy. 

Cold Working that occurs at the edges results in signi?cant 
displacement of the metallic atoms from their equilibrium 
positions. The atoms in these severely cold Worked regions 
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4 
are forced closer to or further aWay from each other than 
normal, With the result that the atoms have a higher energy 
level than is associated With atoms at normal spacing from 
their neighbors. The higher energy level means that the 
affected atoms have a higher propensity to react faster and 
more vigorously than atoms in regions having a lesser amount 
of cold Work. The net result is that severely coldWorked metal 
is more reactive than metal of exactly the same chemical 
composition having lesser amount of cold Work, and thus, in 
the presence of a corrosive medium, the severely cold Worked 
portions of a single piece of metal Will corrode preferentially 
to portions having lesser amounts of cold Work. 
The corrosion brought on by severe cold Working not only 

reduces the amount of metal available for electrical conduc 
tion, but also promotes the formation of corrosion byprod 
ucts, Which tend to have poor conductivity and to further 
inhibit the ?oW of electricity through the metal conductor 
(and, hence, through the electrode). And chemical interac 
tions betWeen the cut edges and the gel may reduce the 
amount (and composition) of chemically active gel needed 
for the function of the electrode. Also, the chemical interac 
tions betWeen the cut edges and the gel may affect the chemi 
cal tackiness of the gel, thereby reducing the effectiveness of 
the adhesive bond betWeen the gel and the skin. 
Many other implementations of the invention other than 

those described above are Within the invention, Which is 
de?ned by the folloWing claims. For example, instead of 
bonding a band to the peripheral edge of the metallic conduc 
tor, the edge may be sealed by printing or by dipping, in Which 
case the insulating material Would typically cover both the top 
and bottom surfaces of the periphery. Also, the band may be 
bonded to the periphery using heat and pres sure, Without the 
use of a separate adhesive layer. The edge could be sealed by 
plating it With a less active (more noble) metal than the metal 
used for the ?exible conductor. The gel layer could be any of 
various types, eg a solid gel or a liquid gel supported in a 
sponge layer. 
What is claimed is: 
1. A medical electrode for conducting an electrical current 

to or from the skin of a patient, the electrode comprising: 
a ?exible metallic conductor, the conductor having a 

peripheral edge, 
Wherein the peripheral edge of the metallic conductor 

has at least some regions that have been Worked more 
during manufacturing than other regions of the metal 
lic conductor; 

a layer of electrolyte in electrical contact With the conduc 
tor andpositioned to be in electrical contact With the skin 
When the electrode is applied to a patient, the layer of 
electrolyte having a peripheral area that overlaps the 
peripheral edge of the conductor, an insulating layer 
overlying the conductor, 

Wherein a peripheral edge of the metallic conductor is 
sealed With an insulating material so that the regions that 
have been Worked more are substantially out of electri 
cal contact With the overlapping peripheral area of the 
layer of electrolyte, 

Wherein the insulating material and the seal of the insulat 
ing material to the peripheral edge of the conductor is 
con?gured to reduce corrosion of the conductor at the 
regions of the peripheral edge that have been Worked 
more. 

2. The medical electrode of claim 1 Wherein the ?exible 
metallic conductor is die cut from a sheet of thin, ?exible 
metallic conductor, so that the peripheral edge of the metallic 
conductor has the regions that have been Worked more as a 
consequence of the die cutting. 
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3. The medical electrode of claim 1 Wherein the insulating 
material sealing the peripheral edge of the metallic conductor 
comprises a band covering the peripheral edge of the conduc 
tor from a location radially inside the peripheral edge to a 
location radially outside the peripheral edge. 

4. The medical electrode of claim 2 Wherein the insulating 
material sealing the peripheral edge of the metallic conductor 
comprises a band covering the peripheral edge of the conduc 
tor from a location radially inside the peripheral edge to a 
location radially outside the peripheral edge, and Wherein the 
band extends suf?ciently inWardly radially from the periph 
eral edge of the conductor as to substantially cover the portion 
of the conductor that is Worked as a consequence of the die 
cutting. 

5. The medical electrode of claim 3 or 4 Wherein the band 
is formed from polyester. 

6. The medical electrode of claim 3 or 4 Wherein at least a 
portion of the band is adhered by an adhesive to the peripheral 
edge of the conductor. 

7. The medical electrode of claim 6 Wherein the adhesive is 
a pressure sensitive adhesive. 

8. The medical electrode of claim 7 Wherein the pressure 
sensitive adhesive is acrylic based. 

9. The medical electrode of claim 6 Wherein the layer of 
electrolyte comprises a solid gel, and Wherein the solid gel is 
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siZed and positioned so that its peripheral edge is located 
radially outWard of the radially inner edge of the band, 
thereby reducing any tendency that the solid gel might have to 
creep betWeen the band and the metallic conductor. 

10. The medical electrode of claim 6 Wherein the layer of 
electrolyte comprises a solid gel, and Wherein the solid gel is 
siZed and positioned so that its peripheral edge is located at 
approximately the radial location of the radially inner edge of 
the band. 

11. The medical electrode of claim 1 or 2 Wherein the layer 
of electrolyte comprises a liquid gel supported in a sponge 
layer. 

12. The medical electrode of claim 1 or 2 Wherein the 
insulating material sealing the peripheral edge of the conduc 
tor is a coating applied to the peripheral edge. 

13. The medical electrode of claim 12 Wherein the coating 
is applied by dipping. 

14. The medical electrode of claim 12 Wherein the coating 
is applied by printing. 

15. The medical electrode of claim 12 Wherein the coating 
is applied by bonding under heat and pressure. 

16. The medical electrode of claim 12 Wherein the coating 
is applied by plating With a less active metal than the metal 
forming the metallic conductor. 

* * * * * 


